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SIX1 is overexpressed in endometrial carcinoma
and promotes the malignant behavior of cancer cells
through ERK and AKT signaling
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Abstract. The sineoculis homeobox homolog 1 (SIX1)
protein has been found to be important for cancer progression.
However, its biological role in human endometrial carcinomas
remains unexplored. The potential mechanism of SIX1-induced
cancer progression remains unclear. In the present study, SIX1
protein expression was examined in 84 cases of endometrial
carcinoma tissues using immunohistochemisty, and SIX1 was
found to be overexpressed in 51.1% (43/84) of cervical cancer
cells. Small interfering RNA (siRNA) knockdown of SIX1
was also performed in Ishikawa cells with high endogenous
SIX1 expression, and SIX1 was overexpressed in the HEC1B
cell line with low endogenous expression. SIX1 overexpression
promoted cell growth rate and colony formation ability, whereas
SIX1 depletion inhibited cell growth and colony formation.
Further analysis showed that SIX1 knockdown downregu-
lated, and SIX1 overexpression upregulated, cyclin DI,
cyclin E, phosphorylated (p-)extracellular signal-regulated
kinase (ERK), and p-protein kinase B (AKT) expression. The
ERK inhibitor, U0126, and AKT inhibitor treatments blocked
the effect of SIX1 on proliferation. In conclusion, the present
study found that SIX1 overexpression promotes cancer cell
growth in endometrial carcinoma, possibly through ERK- and
AKT-mediated pathways.

Introduction

Endometrial carcinoma is the most common gynecological
malignancy, and the incidence is rising (1). Patients are stan-
dardly surgically treated with a hysterectomy and bilateral
salpingoophorectomy. Despite the improved surgical treatment
and adjuvant therapy used in previous studies, the prognosis of
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endometrial carcinoma has not improved significantly (2-5).
Identifying novel markers that can be used to predict the risk of
endometrial carcinoma progression remains to be important.

Sineoculis homeobox homolog 1 (SIX1) is a transcription
factor that belongs to the SIX family of homeoproteins. SIX1
expression level is increased in embryogenesis and promotes
progenitor cell expansion and survival (6-8). SIX1 absence
results in the reduction in size or loss of numerous organs,
as a result of inhibited proliferation and increased apoptosis
in mice (9). However, SIX1 expression is low in adult tissues,
and aberrant expression of the SIX1 gene in adult tissue may
contribute to carcinogenesis (10). SIX1 was found to be over-
expressed in human breast, cervical, ovarian and pancreatic
cancers and associated with a poor patient survival (11-15).
SIX1 overexpression promotes cancer cell survival and epithe-
lial to mesenchymal transition (EMT) (16,17). Overall, these
findings suggest that SIX1 is an important oncoprotein for
the development of cancer. However, the clinical significance
and biological role of SIX1 in endometrial carcinoma remains
unexplored. In the present study, endogenous SIX1 expression
was examined in endometrial carcinoma specimens. SIX1
expression was overexpressed and downregulated, and the
effect on cell proliferation was investigated. The present study
also investigated the potential molecular signaling pathways
underlying the biological effects of SIXI.

Materials and methods

Patients and specimens. The study protocol was approved
by the Institutional Review Board of Shengjing Hospital of
China Medical University (Shengyang, China). Primary tumor
specimens were obtained from 60 female patients (age range,
42-70 years) diagnosed with endometrioid adenocarcinoma,
who underwent resections in the Shengjing Hospital of China
Medical University between January 2010 and December
2012. The tumor sections were evaluated using histological
diagnosis, according to World Health Organization guide-
lines (18-20). The International Federation of Gynecology and
Obstetrics (FIGO) staging system was used to classify patients
as stages I, IT or III (21). Clinical and histopathological data
were obtained from medical records. The study protocol was
approved by the Institutional Review Board of Shengjing
Hospital of China Medical University (Shenyang, China) and
informed consent was obtained from all patients.



3436

Immunohistochemistry. Tumor specimens were fixed with
10% neutral formalin and 4-pm thick paraffin sections were
cut. Immunostaining was performed using the Ultrasensi-
tive™ S-P staining kit (Maixin Biotech Co., Ltd., Fuzhou,
China). After antigen retrieval in citrate buffer (pH 6.0) for
2 min in an autoclave, 0.3% hydrogen peroxide was applied to
the samples for 15 min and then the sections were incubated
with goat serum for 10 min at room temperature (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The
samples were incubated with SIX1 rabbit polyclonal anti-
body (dilution, 1:300; SAB2102157; Sigma-Aldrich; Merck
Millipore, Darmstadt, Germany) at 4°C overnight. Samples
were then incubated with biotinylated goat anti-rabbit serum
immunoglobulin G (IgG) antibodies (dilution, 1:200; A0545;
Sigma-Aldrich; Merck Millipore) for 10 min at room tempera-
ture subsequent to washing in phosphate-buffered saline
(PBS). The samples were then incubated with streptavidin-
biotin antibodies conjugated with horseradish peroxidase
(dilution, 1:300; A0185; Sigma-Aldrich; Merck Millipore) for
10 min at room temperature. The DAB Detection kit (Maixin
Biotech Co., Ltd.) was then used for staining. Counterstaining
with hematoxylin was performed, and the sections were dehy-
drated in ethanol prior to mounting.

Two independent pathologists of the Department of
Pathology of Shengjing Hospital of China Medical University
examined the sections. In total, 500 cells were counted for each
slide. The immunostaining of SIX1 was scored on a system
that evaluated the intensity and percentage of tumor cells.
Nuclear and cytoplasmic immunostaining in tumor cells were
considered to show SIX1 staining. The intensity of staining
was scored as: 0, no signal; 1, weak; or 2, strong. Percentage
scores were assigned as: 1, 1-25%; 2, 26-50%; 3, 51-75%; or
4, 76-100%. Then the intensity score and percentage score
were multiplied to get a final score between 0 and 8. Tumor
samples receiving a score between 4 and 8 were regarded to
show SIX1 overexpression.

Cell culture and transfection. The HECI1B and Ishikawa cell
lines were obtained from American Type Culture Collection
(Manassas, VA, USA). Cells were cultured in Dulbecco's
modified Eagle's medium (DMEM; Invitrogen; Thermo Fisher
Scientific, Inc.) containing 10% fetal calf serum (Invitrogen;
Thermo Fisher Scientific, Inc.). Cells were passaged every
2 days with 0.25% trypsin.

The pCMV6-SIX1 vector was purchased from OriGene
Technologies, Inc. (Rockville, MD, USA). Attractene transfec-
tion reagent (Qiagen, Hilden, Germany) was used for plasmid
transfection. The pCM V6 vector was used as a negative
control. Cells were harvested 48 h subsequent to transfection.
Dharmacon On-TargetPlus SMARTpool small interfering
RNA (siRNA) for SIX1 and ON-TARGETplus Non-targeting
siRNA were purchased from Thermo Fisher Scientific, Inc..
The cells were transfected with siRNA using the Dharma-
FECT 1 (Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) (SYBR Green method). Total RNA was extracted
using a total RNA extraction kit (SYBR Select Master Mix;
Applied Biosystems; Thermo Fisher Scientific, Inc.). RT-qPCR
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was performed using the Applied Biosystems SYBR Green
master mix kit, purchased from Thermo Fisher Scientific, Inc.
PCR was performed using 7900HT Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). f-actin
was used as the reference gene. The cycling conditions were as
follows: 50°C for 2 min, 95°C for 2 min, and 45 cycles of 95°C
for 15 sec and 60°C for 40 sec. The relative expression of target
genes were calculated as ACq = Cq gene - Cq reference, and
the fold change of target gene expression was calculated by the
2-44C4 method (22). Experiments were repeated in triplicate.
The primer sequences were as follows: SIX1 forward, 5'-AAG
GAGAAGTCGAGGGGTGT-3' and reverse, 5S"TGCTTGTTG
GAGGAGGAGTT-3'; B-actin forward, 5'-"ATAGCACAGCCT
GGATAGCAACGTAC-3' and reverse, 5'-CACCTTCTACAA
TGAGCTGCGTGTG-3..

Western blot analysis. Total proteins from the cells were
extracted using lysis buffer and quantified using the Bradford
method (23-25). In total, 30 pg protein was separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (stacking
gel, 5%; separating gel, 10%). Samples were transferred to
polyvinylidene fluoride (PVDF) membranes (EMD Millipore,
Billerica, MA, USA) and subjected to a blocking step with 5%
bovine serum albumin (BSA) (5 g BSA + 100 ml Tris-buffered
saline with Tween 20; Maixin Biotech Co., Ltd.) at room temper-
ature for 45 min. Next, membranes were incubated overnight at
4°C with antibodies against SIX1 (rabbit polyclonal antibody;
dilution, 1:800; SAB2102157; Sigma-Aldrich; Merck Milli-
pore), phosphorylated (p)-retinoblastoma protein (Rb) (rabbit
monoclonal antibody; dilution, 1:1,000; 8147; Cell Signaling
Technology, Inc., Danvers, MA, USA), p-ERK (rabbit polyclonal
antibody; dilution, 1:1,000; 9101; Cell Signaling Technology,
Inc.), ERK (rabbit polyclonal antibody; dilution, 1:1,000; 9102;
Cell Signaling Technology, Inc.), p-AKT (rabbit polyclonal anti-
body; dilution, 1:1,000; 9271; Cell Signaling Technology, Inc.),
AKT (rabbit polyclonal antibody; dilution, 1:1,000; 9272; Cell
Signaling Technology, Inc.), cyclin D1 (rabbit monoclonal anti-
body; dilution, 1:1,000; 2978; Cell Signaling Technology, Inc.),
cyclin E (rabbit monoclonal antibody; dilution, 1:1,000; 20808;
Cell Signaling Technology, Inc.) and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH; rabbit polyclonal antibody; dilu-
tion, 1:1,000; G5262; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA). Subsequently, samples were incubated with peroxidase-
coupled anti-mouse (monoclonal antibody; dilution, 1:1,000;
7076, Cell Signaling Technology, Inc.) or anti-rabbit IgG
antibodies (polyclonal antibody; dilution, 1:1,000; 7074; Cell
Signaling Technology, Inc.) at 37°C for 2 h. Target proteins on
the PVDF membrane were visualized using a Pierce enhanced
chemiluminescence kit (Thermo Fisher Scientific, Inc.) and
captured using a DNR Biolmaging system equipped with
GelCapture application software (DNR Bio-Imaging Systems
Ltd., Jerusalem, Israel).

Colony formation and 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assays. For the colony
formation assay, cells (~1,000 per dish) were plated into 6 cm
culture dishes, 48 h after transfection. After two weeks, plates
were washed with PBS and Giemsa staining was performed
to visualize the colonies. The colonies with >50 cells were
counted using a microscope.
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Table 1. Distribution of SIX1 status in endometrial carcinomas, according to clinicopathological characteristics.

Characteristics No. of patients SIX1 weak/negative SIX1 positive P-value
Age, years 0.6089
<60 53 27 26
=60 31 14 17
Tumor grade 0.0105
1+2 61 35 26
3 23 6 17
FIGO stage 0.7034
I 59 28 31
[+11T 25 13 12

SIX1, sineoculis homeobox homolog 1; FIGO, International Federation of Gynecology and Obstetrics.

Figure 1. Expression of SIX1 protein in endometrial carcinoma tissues. (A) Negative and (B) positive SIX1 expression in grade 1 endometrial carcinoma.
(C) Negative and (D) positive expression of SIX1 in a case of grade 2 endometrial carcinoma. (E) Positive SIX1 expression in a case of grade 3 endometrial
carcinoma. (F) Negative expression in normal endometrial tissues. Magnification, x400. SIX1, sineoculis homeobox homolog 1.
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Figure 2. Transfection efficiency of SIX1 plasmid and siRNA in HECIB and Ishikawa endometrial carcinoma cell lines. (A) Western blot analysis and
RT-gPCR showed that SIX1 mRNA expression was increased in Ishikawa cells and decreased in HECIB cells. "P<0.05, empty vector vs. SIX1 plasmid.
(B) Western blot analysis and RT-qPCR showed that SIX1 transfection in the HEC1B cell line upregulated SIX1 protein and mRNA expression. SIX1 siRNA
treatment in the Ishikawa cell line resulted in downregulated SIX1 protein and mRNA expression. "P<0.03, negative siRNA vs. SIX1 siRNA. SIX1, sineoculis
homeobox homolog 1; siRNA, small interfering RNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; mRNA, messenger RNA.
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Figure 3. SIX1 transfection promotes proliferation and colony formation. (A) 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay showed that
SIX1 transfection upregulated cell proliferation rate in HECIB cells, and SIX1 siRNA downregulated cell proliferation rate in Ishikawa cells. (B) Colony
formation assay showed that SIX1 transfection increased ("P<0.05, empty vector vs. SIX1 plasmid), while SIX1 depletion decreased ('P<0.05, negative siRNA
vs. SIX1 siRNA), colony formation ability. SIX1, sineoculis homeobox homolog 1; siRNA, small interfering RNA.
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Figure 4. SIX1 upregulates ERK and AKT activity. (A) SIX1 transfection was performed in HECI1B cells and siRNA knockdown was performed in Ishikawa
cells. Western blot analysis showed that SIX1 transfection upregulated, while SIX1 depletion downregulated, cyclin D1, cyclin E, p-ERK and p-AKT expres-
sion. (B) In SIX1 transfected HECIB cells, treatment with AKT inhibitor, LY294002 (20 xM), and ERK inhibitor, U0126 (10 gmol/1), significantly blocked
the role of SIX1 on cell growth rate. SIX1, sineoculis homeobox homolog 1; siRNA, small interfering RNA; ERK, extracellular signal-regulated kinase; AKT,
protein kinase B; p-ERK, phosphorylated-ERK; p-AKT, phosphorylated-AKT; p-Rb, phosphorylated-retinoblastoma protein.

For the MTT assay, cells (~3,000 per well) were plated in  the medium was removed and the remaining MTT formazan
96-well plates and cultured for 5 days. In total, 20 ul of 5mg/ml  was dissolved in 150 ul of DMSO. The optical density of the
MTT solution was added to each well. After incubation for4 h,  solution was measured at 490 nm using a microplate reader.
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Statistical analysis. SPSS version 11.5 for Windows (SPSS,
Inc., Chicago, IL, USA) was used for all statistical analyses. A
¥’ test was used to examine the possible associations between
SIX1 expression and clinicopathological factors. The Student's
t-test was used to compare differences between control and
SIXI1-transfected cells. All P-values were based on a two-sided
statistical analysis, and P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression of SIXI in human endometrial carcinoma. SIX1
immunostaining was observed in 84 cases of endometrioid
adenocarcinoma (Fig. 1). In normal endometrial tissues,
stromal and glandular tissues showed weak or negative
staining. In total, 43/84 cancer tissues showed positive SIX1
immunoreactivity, and the expression was located in the
nuclear and cytoplasmic compartment of the cancer cells. The
associations between SIX1 expression and the clinicopatho-
logical characteristics of patients is shown in Table I. A high
SIX1 immunostaining score in the primary endometrioid
carcinoma was significantly associated with advanced tumor
grade (P=0.0105). However, there was no association between
SIX1 expression levels and other parameters, including FIGO
stage (P=0.7034) or patient age (P=0.6089).

SIX1 promotes endometrial cell proliferation and colony
formation. The endogenous expression of SIX1 was exam-
ined by western blot analysis and RT-qPCR in Ishikawa and
HECIB cell lines. Ishikawa cells possess high endogenous
SIX1 expression and HECI1B cells possess low SIX1 expres-
sion (Fig. 2A). To determine the biological role of SIX1 in
endometrial cancer, plasmid transfection and siRNA knock-
down were performed. As shown in Fig. 2B, SIX1 plasmid
transfection significantly upregulated the expression of SIX1
protein and mRNA. SIX1 siRNA transfection significantly
downregulated the expression of SIX1 protein and mRNA.
The MTT assay revealed that SIX1 upregulation increased
the cell proliferation rate in HEC1B cells and SIX1 depletion
decreased the proliferation rate in Ishikawa cells (Fig. 3A).
A colony formation assay was also performed. As shown in
Fig. 3B, SIX1 transfection significant increased the colony
number of HECIB cells (empty vector vs. SIX1 plasmid,
155422 vs. 276+28; P=0.041). By contrast, SIX1 depletion in
Ishikawa cells significantly downregulated colony formation
ability (negative siRNA vs. SIX1 siRNA, 378+33 vs. 169+20;
P=0.047). Accordingly, SIX1 transfection was found to upreg-
ulate, whereas SIX1 depletion was found to downregulate,
cyclin DI and cyclin E and p-Rb expression (Fig. 4), which
suggests that SIX1 facilitated cell cycle transition.

SIX1 promotes cell proliferation through ERK and AKT
signaling. In order to investigate the potential mechanisms
of SIX1-induced endometrial carcinoma cell proliferation,
the level of ERK and AKT signaling pathway activation was
examined in cells with SIXI transfection and depletion. SIX1
transfection was found to upregulate AKT and ERK phosphor-
ylation, whereas SIX1 depletion was found to decrease the level
of pathway activation (Fig. 4A). In addition, treatment with the
AKT inhibitor, LY294002 (20 uM), and ERK inhibitor, U0126
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(10 umol/l), for 6 h significantly blocked the role of SIX1 on
endometrial cancer growth (Fig. 4B), suggesting that the ERK
and AKT signaling cascades were involved in SIX1-induced
endometrial cancer growth.

Discussion

Endometrial carcinoma is a common gynecological cancer.
Although studies have indicated that numerous oncogenes in
endometrial carcinoma promote cancer progression, novel
markers to predict aggressive phenotypes are urgently required.
The upregulation of SIX1 expression has been reported in
human gynecological cancers, including breast, cervical and
ovarian carcinoma, where it leads to increased proliferation and
metastasis (13-15,17). One study reported that SIX1 was aber-
rantly upregulated in human colorectal cancer and promoted
epithelial-mesenchymal transition via zinc finger E-box binding
homeobox 1 activation (26). It was recently reported that the
SIX1 protein is upregulated in human gastric carcinoma and
associated with clinical parameters (27). However, the biolog-
ical roles and potential molecular mechanism of SIX1 in human
endometrial carcinoma cells remains unexplored.

The present study found that SIX1 was overexpressed in
43/84 endometrial carcinoma samples and associated with
advanced tumor grade. These findings indicate an association
between SIX1 overexpression and the malignant endometrial
carcinoma phenotype. In addition, SIX1 overexpression
promoted cell proliferation, while SIX1 depletion inhibited cell
growth. These data are in accordance with previous reports,
which confirmed the role of SIX1 as an important oncogene in
human endometrial carcinomas (15,26,28,29).

The regulation effect of SIX1 on cell cycle proteins has
been previously reported in other human cancers (30,31).
The present study examined the effect of SIX1 on cell cycle
progression and found that SIX1 overexpression upregulated,
while SIX1 depletion downregulated, cyclin D1 and cyclin E
expression; a finding that was in accordance with previous
reports (15,32,33). The present study further investigated the
molecular pathways involved in SIX1-induced cancer progres-
sion. Previous reports indicated that SIX1 could induce EMT,
which is closely associated with cancer cell invasion and metas-
tasis (16,17). Previous studies indicated that SIX1 could induce
ERK activation (34). The present study investigated the change
of ERK status in cells transfected with SIX1 plasmids/siRNA.
The results showed that SIX1 could increase the level of ERK
phosphorylation. The present study also examined the change
of AKT phosphorylation in endometrial carcinoma cells with
the overexpression or knockdown of SIXI1. SIX1 overexpres-
sion or knockdown resulted in the increased or decreased
Ser473 phosphorylation of AKT, respectively. In addition, the
ERK inhibitor, U0126, and AKT inhibitor, LY294002, could
partially reverse the upregulatory effect of SIX1 on prolif-
eration, which strongly supports the importance of SIX1 in
regulating cell proliferation via the ERK and AKT pathways.

In conclusion, the present study demonstrated that
increased SIX1 expression contributes to the malignant tumor
growth of endometrial carcinoma cells, possibly through the
regulation of the ERK and AKT signaling pathways. SIX1
may be considered as a novel cancer marker for endometrial
carcinoma.
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